Background. School feeding programs are ubiquitous. Benchmarking expenditures for school feeding is an important component of program accountability and sustainability.
Introduction
School feeding programs are ubiquitous in high-, middle-, and low-income countries: A joint analysis developed by the World Bank, the World Food Programme (WFP), and the Partnership for Child Development (PCD) determined that every country is in some way and at some scale seeking to provide food to its schoolchildren. Moreover, many countries for which data are available do not seem to be seeking to cease providing food to their schoolchildren [1] . Many countries in fact appear to be seeking to expand the coverage of their programs and establish them as national programs mainstreamed into national policy [2] . Assessing expenditures on school feeding is an important component of program accountability. In general, in low-and middle-income settings, school feeding programs are designed with educational goals and are framed within educational sector policies and plans. From this perspective, the comparison between per capita expenditures on education and per capita costs of school feeding can offer insights into the financial capacity in low-and middle-income settings to sustainably fund program implementation. Evidence on the costs of school food programs is also limited [1] . There are no studies in the literature that examine the changes in costs of school feeding during the food price crisis of 2008.
The objectives of this study were to provide an analysis of the costs of school feeding in 2008, and the cost relative to overall expenditure on education and gross domestic product (GDP) in low-, middle-, and high-income countries; and to explore the range of financial investments required to fund programs according to different scale-up scenarios.
Methods
Data on the costs of school feeding in different countries were collected from multiple sources, including previously published WFP project data, reports from government ministries, gray literature, and published reviews. All forms of school feeding were considered, using the main national program as a reference point. The methodology used in this paper builds on that reported in a previous study [2] . Countries were categorized by income groups following the World Bank classification, calculated using the Atlas method. Upper-and lower-middle-income countries were grouped into a single middle-income category. For low-and middle-income countries, the bulk of the cost data was used, as reported in a comprehensive costing study [3] that captured all WFP and government program expenditures, including food procurement and distribution activities. The WFP data include both in-kind (i.e., food aid) and cash contributions. Where relevant, program costs were adjusted in order to also account for school-level costs using scaling parameters from previous studies (see Galloway et al. [4] for on-site meals, Gelli et al. [5] for biscuits, and Ahmed et al. [6] for take-home rations). Data from high-income countries were obtained from a recent review of government programs [7] . Costs for Botswana [8] , Côte d'Ivoire [9] , Nigeria [10] , South Africa [11] , and Thailand [12] were obtained from recently published case studies. Estimated daily costs per on-site meal were converted to annual costs per child using a fixed 200-feedingdays school year. All estimates were converted to US dollars using an internet-based currency converter set to a fixed reference date of 1 June 2008. The reference year for all data was 2008, or the next closest year with data available. Data on the expenditure per primary school student (as a percentage of GDP per capita) and GDP per capita were obtained from the World Bank Development Indicators database and cross-checked with the UNESCO Institute of Statistics database. The reference year was 2008, and missing values were estimated using a simple algorithm that retrieved the most recent data point (looking backwards first). Estimates of the per capita costs of education were obtained by multiplying the per student share of GDP expenditure on primary education by the per capita GDP. The relationships between school feeding costs, education costs, and GDP per capita were analyzed by a standard linear regression model given by y = mx + c, where y is the dependent variable (in turn either the per capita cost of school feeding or the per capita cost of education), x is the independent variable (in both cases GDP per capita), m is the gradient or slope of the fitted line, and c is the intercept. The relationship between the ratio of the absolute cost of school feeding and the absolute cost per child of primary education and GDP per capita was examined in more detail, where the fit was estimated using the ratio of the two regression models described above. The data were tested for heteroskedasticity visually by plotting residuals and by performing the Breusch-Pagan/Cook-Weisberg test using Stata (table 1). The robust regression command in Stata was also used as an alternative to ordinary least squares (OLS). Stata's rreg command [13] first runs the OLS regression, gets the Cook's D for each observation, and then drops any observation with Cook's distance greater than 1.
Scenarios on scaling up investments
The per capita cost of school feeding was multiplied by the number of program beneficiaries in each country to obtain the absolute amount spent on school feeding in 2008. A set of country-level indicators described above was used to provide crude estimates of the number of schoolchildren in each of three hypothetical target groups. The first target group consisted of all children who were enrolled in primary school, the second group consisted of all children enrolled in primary school living under the US$1.25 a day poverty line, and the third target group consisted of all children enrolled in primary school who were undernourished. The population of children in each of these target groups was multiplied by the cost of school feeding per beneficiary to obtain the theoretical total cost of school feeding for each of these groups in 2008. The total costs were then divided by an estimate of the total public expenditure on primary education in each country, calculated using per capita expenditure figures and the number of primary schoolchildren enrolled, to obtain the ratio of total school feeding costs to expenditure on education.
Results
Data on the costs of school feeding were obtained for 74 countries, including 12 high-income, 40 middleincome, and 22 low-income countries (see table 2 ). The summary statistics for the absolute costs of school 
Fitted values of per capita cost of education
Fitted values of per capita cost of school feeding χ 2 (1) = 11.66 χ 2 (1) = 105.11 Prob > χ 2 < .001
Prob > χ 2 < .001 Large variations were found in the costs of school feeding in general and across the three income groups, ranging from a minimum of under US$20 in South Africa to a maximum of over US$1,500 in France. In high-income countries, school feeding costs were on average equivalent to 11% of the investments in primary education, compared with 19% in middleincome countries and 68% in low-income countries. There were also very large variations in the ratio of the per capita cost of school feeding to the per capita cost of education, ranging from 0.09 in Cote d'Ivoire to 2.3 in Myanmar. Six countries were found to spend more on school feeding than on primary education: Central African Republic, with a ratio of school feeding costs to primary education costs of 2.01; Madagascar, with a ratio of 1.51; Mali, with a ratio of 1.05; Myanmar, with a ratio of 2.3; Rwanda, with a ratio of 1.22; and Sierra Leone, with a ratio of 1.37. The data from Liberia, where the quality of data was an issue and values were well over 3 SD from the mean, were dropped from the analysis. These findings appear to be driven by a combination of below-average GDP per capita and above-average costs of school feeding. In middle-and high-income countries, the range was considerably narrower (from 0.02 to 0.89 and from 0.04 to 0.29, respectively). Similarly narrow ranges across income categories were observed when the costs of school feeding were compared with GDP per capita. Scatterplots, with fitted linear regression models of the costs of school feeding per child and the costs of education against GDP, are shown in figure 1 .
The results show that although the per capita costs of both school feeding and primary education increase with GDP, they do so at different rates. Small differences were observed in the estimated slope or estimated constant coefficients in both models when robust regression was applied. The linear regression models for the school feeding costs and education costs show that GDP per capita is a fairly good predictor of school feeding costs and a very good predictor of the costs of primary education. The regression results also highlight how education costs increase more with GDP growth than do school feeding costs. The constant for the primary education model is estimated to be negative, which is clearly incorrect. An alternative nonlinear model, with a minimum cutoff value for education investment, would probably be more realistic. Figure 2 shows the ratio of the per child cost of school feeding to the cost per child of education, Linear regression models were also examined separately by income group, where the linear effect of GDP per capita was significant only for middle-income countries. However, the estimated slopes were negative for all three regression models. Figures 1 and 2 highlight considerable variation in the per capita cost of school feeding and the ratio between this and the per capita cost of primary education, largely in the low income countries. Figure 2 also shows how the relative cost of school feeding versus education becomes consistently low as GDP rises, a finding that is consistent with previous studies.
Examining scale and scale-up scenarios
Data on program scale were not available for highincome countries. School feeding programs covered on average 13% of the children enrolled in primary school in low-income countries, compared with 18% in middle-income countries. The total budget for school feeding estimated from 2008 program beneficiary figures was found to be on average 7% of the estimated primary school education budget, peaking at 11% in low-income countries, compared with less than 4% in middle-income countries (table 4).
The range in school feeding costs versus the costs of primary education was considerably lower when total costs were considered than when per capita costs were considered. No country was found to spend more on school feeding than on primary education as a whole. Scaling up school feeding programs to cover all children enrolled in primary school would have required the equivalent of 76% of the estimated primary education expenditure in low-income countries, compared with less than 30% of the primary education expenditure in middle-income countries. In low-income countries, targeting beneficiaries according to poverty and hunger indicators could reduce the financial investment to 44% and 23% of total primary education expenditure, respectively, compared with 10% and 4% in middle-income countries.
Forty-four countries had benchmark data for both 2008 and 2005. The costs of school feeding reported in 
Conclusions
This analysis examined the most recent available data on the costs of school feeding in relation to the cost of education and to GDP. Large variations in the costs of school feeding programs were found in low-income countries, as also described in earlier studies [3, 15, 16] , highlighting opportunities for cost containment. The per capita costs of feeding relative to education were found to decline nonlinearly with increasing GDP. These analyses suggest that the main reason for this is a greatly increased investment per child in primary education as GDP rises, but a fairly stable investment in food. As countries get richer, school feeding costs become a much smaller proportion of the investment in education. Data on the scale of school feeding programs draw attention to the fact that school feeding investments are targeted in low-and middle-income settings, reaching only a fraction of primary schoolchildren. In low-income countries, there are examples where per child school feeding costs are actually higher than the costs of education (Central African Republic, Madagascar, Mali, Myanmar, Rwanda, and Sierra Leone). However, if we factor in the actual scale of school feeding, the findings of this analysis are quite explicit: in low-and middle-income countries, the total expenditure on school feeding is only 15% of the overall expenditure on primary education. If school feeding were to become universal in low-income countries, then program expenditure would on average be equal to 70% of total expenditure on primary education. The issue of targeting is also relevant in high-income countries, where partial cost recovery is achieved through means testing or proxy means testing for free or subsidized school meals. Remarkably, the literature on the costs of school feeding is far richer in low-and middle-income countries than in high-income countries. The data and details of the costs of school feeding in high-income countries, including breakdowns on free school meals, were generally not available, highlighting a lost opportunity to provide insights in this key area of program design.
Comparisons with 2005 benchmarks
The trends reported in this analysis are very similar to those reported in earlier studies [3, 15] , strengthening the overall case and robustness of these benchmarks. There are, however, some important differences in absolute terms. The results reported in this study are generally higher than the cost benchmarks reported in 2005. This finding is not surprising, considering that on average 58% of school feeding expenditures are due to commodity costs [3] , and that at the height of the food crisis experienced between 2005 and 2008, the prices of maize and wheat tripled and that of rice increased fivefold [17] . One of the main findings of previous work was the very large range of costs in low-income countries, which indicated opportunities for cost containment. Interestingly, the range of costs in low-income countries decreased between 2005 and 2008 by about 35%. This finding suggests that some cost-containment measures had been implemented during this period. Benin, for example, had the highest ratio of school feeding costs to education costs in the 2005 data, mostly due to extremely high school feeding costs (approximately US$160 per child per year). The cost of school feeding in 2008 was found to be less than US$25 per child per year. This was a result of programming changes, involving a rationalization of the school feeding menu that led to considerable savings in terms of food costs following publication of the 2005 data. Some of these differences must be interpreted with caution, as they are also likely to be a result of improved data quality in this analysis compared with the literature. A more detailed analysis examining the drivers of changes in costs during the 2005-11 period is currently under way.
The results of simulations used in this analysis, though crude and limited in terms of program validity, underscore the potential savings that can be made by targeting the intervention using poverty and hunger indicators. The aggregate nature of the data does not allow for an in-depth analysis of the drivers of this variation in per capita costs of school feeding. This is clearly a very important area for research, given that it implies that there is considerable opportunity for cost containment in precisely those countries where the potential for scale-up is greatest.
